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Introduction

« How it started : France has a long standing expertise in “Monolithic
Active Pixel Sensor” (MAPS),

. %?E((,‘)f the main activity of development is the vertexing for e*e~ collider
* But m,any more applications (examples in HEP: STAR, Alice, Belle-2, CBM),

» This expertise can benefit a lot the FCCee project.

* In preparation of the European Strategy for Particle Physics
Ugdate, an expression of interests for a future Vertex Detector for
FCCee , based on MAPS, has been prepared and signed by six
in2p3 institutes.

» This tri%]gered_the creation of the FCC-SEED project, that will be
presented during this seminar :

» Short presentation of FCCee and detector concepts,

« Specifications of a vertex detector, and advantages of the MAPS
technology,

» Preliminary performance studies based on full simulation,
» Current tests for curved sensors.

2LANN

* This is only the start, and there a long road ahead.
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FCCee project

JEAN-PAUL BURNET, link

Tunnel Circumference: 90.7 km
Excavated vol: 6.2M m? (In the ground)
Access shafts: 12

Construction shafts: 1

Large experiment sites: 2

Small experiment sites: 2

Technical sites: 4

Deepest shaft: 400m

Average shaft depth: 243m

Total concrete volume: 1.9 M m?

Steel weight: 130,000 metric tonnes
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https://indico.cern.ch/event/1539606/contributions/6537914/attachments/3075845/5443098/FCC_CERN-event_Bunret_27-05-25.pdf

FCCee project @
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« ete~colliders are know to be : 3 i i

« Higgs factories, = 10°E E

« But also high precision machines. 3 - f

g | :

E 1o E

 FCCee offers: - - tf (365 GeV)

 the largest coverage in terms of physics program, i R

 the best sensitivity in almost all domains up to the 1 |

tt mass threshold, thanks to its very high - . ! e pemem =] . e
luminosity, 100 150 200 250 300 350 400

« Has no polarisation and is limited to the t mass s [GeV]
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© FCCee physics program cre
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Christophe Grojean

'mg, [z, N, * o 5(mz) with per-mil accuracy
*Ri. Ass *Quark and gluon fragmentation
mw, lw *Clean non-perturbative QCD studies

EW & QCD

direct searches
of light new physics A —
*Axion-like particles, dark photons,

Heavy Neutral Leptons
* long lifetimes - LLPs

[uealois) sydoisuyn]

flavour factory
(10"2bb/cc; 1.7x10" 77)

7 physics B physics
*Flavour EWPOs (Ry, AFgP:€)
or-based EWPOs *CKM matrix,

*lept. univ. violation tests +CP violation in neutral B mesons
sFlavour anomalies in, 9., b — Srr




7) FCCee physics program
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FCC uncertainties
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https://cds.cern.ch/record/2928193

FCCee detector concepts

 Existing detector concepts (not collaborations).
« Different technologies choices, in particular for Tracker, PID and calorimetry.

CLD IDEA ALLEGRO ILD Guy wilkinson, link

*(m)

Yowe

Silicon Wrapper ..

Vertex Detector !i | i' ©

BaamCal LumiCal FTD/SIT

Only with FullSim available

Ultra-light drift chamber ;
C?ystal ECAL In early design phase Ported from ILC

Noble liquid ECAL Large volume TPC

Full Si tracker
CALICE-like calo

Dual readout fibre calo

 Vertex detectors are usually based on the same technologies (MAPS), but might have
different chips designs, mechanics or cooling approaches.


https://indico.cern.ch/event/1539606/contributions/6537901/attachments/3075885/5443165/CERN_FSR_2025.pdf

Reconstruction of the trajectories of charged particles.

Usually composed of 2 parts :

* Inner Tracker, of Vertex Detector=>

» Precise measurements of the impact parameters, (secondary) vertex
reconstruction,

« Based on silicon semi-conductor

* Quter Tracker:
« Complete detector, resolution of transverse momentum and angles,
« Can be based on silicone detector, gaseous detector.

Positions (hits) of detection of the particles are linked
together to reconstruction trajectories : tracking
algorithms.

Tracks are key elements of events reconstruction:
» Leptons reconstruction,
» Particle flow,
» Jets reconstruction,
* Flavour identification.

jet

PV

displaced
tracks

charged
lepton

eavy-flavour
jet




Vertex detector
specifications and
performances
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%) Main parameters of tracks resolution @
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Drasal, Riegler, https://doi.org/10.1016/j.nima.2018.08.078

* Relevant parameters for tracks resolution (Ad,, Ap/p7) :
« Single point resolution o,._,,,
» Material budget (m.s.),
* Radius of the innermost measured point 1,
* Level arm (Ly).

 Remarks,
« With existing single point resolution, Performance strongly
dependant on r, and material budge
y 30,4 3,-0 Egrz 4ﬂr3 Eﬂrg « Multiple scattering impact reduced with lower 7y,
Olres. = ,ﬁ I+ 7 0 L "+ 7 - d, resolution improves with the number of layers N, Apy /py
N +35 0 proportional to /1/N,
Adg|oP l}{]136 GﬂVfc / J ro )2 « Strong dependence of Apr/pr to the level arm (L,).
] XD S-lnﬂ "L'D Fccee i
O'do =a @ m b~ VOT?(W
Apy 126,4 pr 5 dy /Xy = (N + 1)d/ X, a~5um; b~15un
pr " 7 03B, 2 VN +5
’ ALICE ITS2
dpr,  0.0136GeV/c dyor Ady| s = 22,4.4,22um for pr = 1,5,10GeV/c
pr ™7 0.3fB,L, X, sin@

Material budget is a key parameter ! 12



Vertex sensor specifications

Depends on charge shareing and encoding

Balance between power dissipation and

Spatial resolution per layer
Pixel pitch

~ 3
14-20

particle rate

read-out time

To be compatible with air cooling

Reduced material budget, allows for bending

[ /

Related to max particle rates at the Z energy

Power dissipation ~ 20 — 50 mW/cm
Sensor thickness 40 — 50 pm
Safety factor on particle rate 3 4
Maximum Hit rate 75/ 25 MHz/em? ®
Maximum Hit rate 226 x 1072 [ 7B x 108 hits/mm?/BX °
Assumed cluster multiplicity 5
Fired pixel rate 375 / 125 MHz/cm? 5
Fired pixel rate 0.33 / 0.11 fired pizels/mm?/BX °
Occupancy /pixel /read-out 345 % 107* 115 % 1072 /pizel /readout ®
Ionising radiation (1%¢ layer) 30 / 10 M Rad/year ° ¢

Corresponding Fluence

s LB 10™ / 6 10

Tleq(1 MeV) / year

57

Expected max fluence per year

13



@ Vertex/Pixel detector technologies
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CMS-IT, Pixel Hybrids (ex.)

Re(m' ut connector
electrical link

Mrv bonds Pigtail

Power

Hybrid pixel detector ¥

Pixel modules serially powered On-detector | Back-end
e !
7L HV for sensor
o platal i LvConstntCure
| LVportcard
E-links — r—————
Data/Commands LV preheater
| ..
1 }
| &
Preheater at
reheater PPO: =
VTRx* -&y DAQ
PORTCARD on disk cartridge ! =

B
®f goooR T _ o :@m@ 9 d
' BlS ﬂ@ﬂﬂ :n:z@E’“@E"””E ][:
. nnnoC
Yop00m _}E[ S
=4

E ffilififil
y geedg ra B DJIID

Pixel module

* 3D and planar sensors, with 2
or 4 CROCs.

* HDI : electrical connection
(serial powering),

* Optical conversion located on
port-cards.

MAPS sensor

* Integrating sensor and
readout on the same
silicon substrate,

e Connection with the back-
end board through a flex,
wire-bonded to the sensor.

14



Vertex sensor specifications @
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Qualitative representations
Its all about balance VAP e HYBRID

material budget

 Higher resolution (pitch/encoding) => increase power ;
consumption => requires stronger cooling => increase of
material budget.

power consomption resolution

Hybrids pixel modules developed for (HL)-LHC
high radio-tolerance,

* resistance to SEU,

sustain high rates of particles,

large material budget,

large power consumption (liquid cooling).

radiation hardness readout speed

— Pt rial power consumption budget optimised Resalutian ogtimsed

e r ot S peed Griena ted

CMOS-MAPS based technologies : ateial budge
 High granularities, high resolution,
« Low power consumption (air cooling possible ?),
« (very?) low material budget. p——

[ ]
(=] = et i I

Qualitative representations (0 to 5), the pictures might
change depending on R&D choices.

radiatian hardness readout speed 1 5



@ CLD vertexing

A.Sailer, link.
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» Silicon vertex detector: precise vertex reconstruction
» 25x25 umz pixels, 3 um single point resolution

» 50 um silicon thickness

» Double layers (0.3%X, per detection layer)

» R, =17.5mm /

58
57

38
37

18.5
17.5

15 9\

0 o
0 125,126 159, 161 229, 231 299,301

16


https://indico.cern.ch/event/1064327/contributions/4893180/attachments/2452299/4204992/220601_FCCWeek_CLD_sailer.pdf

G.Sadowski

5 FCC-ee CLD

CLD Tracking performance
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CLD Tracking performance @
changing single point resolution oo

G.Sadowski
10% CC-ee CLD FCC-ee CLD
Lo | EI | TTTT | TTTT | TTTT | TTTT I_I T | TTTT | TTTT | T TTT |E -
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* Single point resolution (smearing) :
* does not affect significantly the pr resolution, except for track with high momentum in the central region,

* Large impact on d;, except for low momentum track.
18



In pixel digisation : resolution vs power
consumption b o

Jérome Baudot, link.

« Complexity of digitization downscales with pitch => small pitch = 1bit

» Study of position resolution with digitisation of CE-65 analogue output data (Gaélle Sadowski): 22.5 um pitch
(work in progress)

. e s . 7 - >
Sigma vs Digitisation (residualsX) = Mod. with gap g
'El : | ! | ! i ~—:i'| ° -# Hit/no-hit resolution bt =
3.6_ -] c Q it ; 9
ET - + 1 6 o 5| - Analogue resolution R
0 B i 4:_; ot Mod. with gap z
o 3.5r B o T 4l Modified g
O - v -¢- Standard E)
L 34F - BS3 5
= i © S o
B . ] B . ) . — | e
3.3 - n 3
i + ] 0 12 24 36  -48 10 15 20 25
[ Vsub (V) Pitch (um)
3.2_— - sub
: : = Recipies for ~ 3 um
3.1 - e Opos Y
- | | | i 1 bit with pitch S 15 um

analog 1 2 3 4 * 1.5 to 2 bits with pitch = 20 um
Digitisation bits P -

19



https://indico.in2p3.fr/event/34926/contributions/147896/attachments/90629/137698/sensor-strategy-fccseed2025.pdf
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CLD Tracking performance
Impact of the B-field b

Baseline Geometry@2T vs ~15% reduced L,@3T

FCC-ee Baseline Geometry, 3 vs 2T FCC-e6
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* Dependance on the magnetic field:
* Noimpactond,,
 Significant improvements of the track p (as expected),
» Stronger field compensate lower L, free space for PID detector 21



IDEA vertexing

IN2P3

Armin lig, link

Vertex detector design by INFN-Pisa, integration in MDI by INFN-LNF

Inner vertex bar.rel with dual modules 5, ;ter vertex barrel and disks using quad ATLASPix3 DMAPS with 150 x 50 zm?
of ARCADIA, air-cooled —

< 50 mW cm—2 pixels, water-cooled

Layer 3 cooling cone

Inner vertex support and cooling cones,
first air cooling and transient
mechanical analysis results promising

By /

Supprt tube holding lumical, vertex and beam pipe
22


https://indico.cern.ch/event/1516157/contributions/6444494/attachments/3062805/5416626/Current%20vertex%20layout%20variants%20and%20data%20rates.pdf
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Similar performance, IDEA better at 10 GeV
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Pioneer work : Alice ITS3
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 The beam pipe has a natural cylindric shape:

At small radius (innermost layers), it is difficult to approximate a
cylinder with the plan surfaces of the sensors,

« That limits the radius of the inner most layer, increase material
budget.

* Proposed solution explored by Alice ITS3:
« Curve sensors to a radius of 18 mm,
» Requires sensor thickness of 50 um,
 Light mechanics, air cooling,

« Material budget from ITS2 to ITS3 : 0.3% of X, to 0.05 % of X,
per inner layers.

» Sensor “stitching” allows to deport the connections to the
end the layer.

* Yield is potentially an issue.

Cylindrical
Structural Shell

—-’/7- < .

Half Barrels

9
N \
— \}

\

¥
Carbon foam spacers

; - ” -

CMOS sensor  CMOS sensor CMOS sensor  CMOS sensor




 Alice ITS3 backup plan : super-Alpide,
« Use Alice ITS2 Alpide chips,

« Use a wafer slice with few Alpide in a lines
(9x2),

* Thinning the slice to 30-40 um,
 Bend the slide to the needed radius.

* Requires specific mechanical structure,
that allows for wire bonding of all chips.

« Where we started at IPHC

* Location of the bonding pads on the chips
makes thinks complicated.

25



Curved vertex for IDEA

The IDEA detector concept for FCC-ee, link fung
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Flex circuit
~ (power & R/0)

New light vertex detector concept for IDEA,
based on stitched sensor and curved layers.

R=20.35 mm

Layer 1and 2 :
e 2 half cylinders per layer,
* Non sensitive regions along the Z
direction, compensated with phi rotation
of Layer 1 wirh respect to Layer 2

1 03 FCC-ee full simulation, particle gun muons
T T T T T T I T T T T T T T T

Layers 3 and 4:

E‘ é lO p-1GLV.IDEAdusIcwﬂsx ! ! I I§
* 4 half cylinders per layer, for layer 3 and = pe e ’]
4 %c ®  p=1GeV, IDEA ultra-light vertex P
4 H  p=10GeV, IDEA ultra-light vertex
« Dead regions in half rings region, 1025_ T e .
N L]
compensated by locating them at . T LA
. o, . -3 i . [ ] [ LR
different Z position. «? oL ¥esedessd il
: ‘TR
F i ]
g 0@ 2 an ]
L [ievgeagueguglis ]
* Connectivity on both ends of the layers. LA ataarabaanaghrasst
1 | TR R RR TR NI SR TR | M|

0 02 04 06 08 1
lcos(0)l


https://arxiv.org/abs/2502.21223

FCC-SEED
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FCC-SEED concept @

IN2P3
Cables/flex

Integration
g Assembly
procedure

Chip design

digitization

speed/timing

Material u >
budget

l Cooling

Servnces

su pports

28



@ FCC-SEED concept

IN2P3

Chip Design, Mechanics, Integration and Cooling are strongly inter-connected
Main FCC-SEED approach : develop things in coherent manner

29



FCC-SEED concept : Octopus £

e IN2P3

Octopus : asynchronous readout (pixel grouping) chip,
« balanced between pitch size and particle rates, lower power

consumptions,
 based on TPSCO 65 nm. ]@

Spatial resolution
. . . . =3
DRD3 project, 10 labs involved, international = S
collaboration. Matert
aterial budget

Fadoua Guezzi Messaoud, link1 link2

Time resolution

—0O(5-ns)- O(50 um Si)
- Different steps : 0(100ns)
1. Chip demonstrator, .
2. Large chips for beam telescope application, -
3. \Version targeting FCCee-like specifications. m o
Hit rate Power consumption
0(100 MHz/cm?) o St <50 mW/cm?Z.
. . X/ <500 mW/cm?
« No new chips to bend/tests until then => rely the one P\
existing chips Mimosis (see later). Radiation tolerance

0(10neg/cm?)

30


https://indico.cern.ch/event/1507215/contributions/6540426/
https://octopus.web.cern.ch/

FCC-SEED : geometry concept

IN2P3
Option 1 : sipgle layers Option 2 : dpuble layers
—— » Based on large size curved sensors
(DRD8)
A « Smallest possible radius, first hits as
close as possible to the collision point,

* Minimization of the material budget.

Beam pipe inner radius ~10 m
Beam pipe thickness -~ 1.7 mm
Perimeter ~73.5 mm

New geometry under study
120 mon . « Snail-like shape, slight sensor overlap,
Option 1  Allow for a full r-phi coverage.

Ladders ;
(5 single ladder option)

Options to be explored :

Possibility of stitching,

Double sided vs single sided layers,
Layers radius and numbers,
Cooling options.

| Cooling inletsfoutlets t’

Ladders

(3 double ladder option) Opt' on 2

Coherent developments of sensors,
mechanic, integration and
simulation.

Read-out periphery = 6 % 30 % 2mm” i
1 ladder (1% layer)
31
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FCC-SEED : geometry concept @

first thoughts IN2P3

Wire bonding on the side

Might make the
stitching not needed,
No dead region in phi,
Makes the design of
the mechanics and the
flex quite challenging.

Wire bond \

Flex

Mechanical supports.
Include the flex?

/

Wire bond

Beam pipe

Bend sensor

R=12mm

Assembly of quarters (hemi) of cylinders : assemble individual frames together around the beam pipe 39



FCC-SEED in full simulation

Armin lig, link
IDEA vertex/silicon wrapper geometry constructor can also represent FCC-SEED geometry!
First implementation:
@ Six barrel layers at r = 12,24, 36, 48,60 mm, single-hit layers
@ No stitching in ¢, width of 19 4+ 2 mm (sensitive+periphery), ‘overlapping in ¢
@ Stitching in z, length of stitched RSUs of 29.8 + 0.2 mm (sensitive+periphery)
—  Only 0.6% cracks in coverage (need to-offset layers in z to aveid gap at |cosf| = 0)

Next steps:

@ Add some simple disks
(CLD-like)

@ Add simple support
structures

@ Estimate performance
using conformal tracking

) Barrel with six disks
First layer

Armin llg (UZH) Ultra-light vertex detector performance in full simulation FCC Detector Concept Meeting

IN2P3
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https://indico.cern.ch/event/1516157/contributions/6444494/attachments/3062805/5416626/Current%20vertex%20layout%20variants%20and%20data%20rates.pdf

(%)) FCC-SEED : setting up the program

Goals for mechanics and integration; work
toward a robust vertex concepts for FCCee
(or other e+e- colliders) in the coming ~5
years.

Mains topics to worked on :
» Master curved sensor fabrication and testing,

» Explore mechanical options, type of material,
stress and colling, etc...

. Desiﬁ;n_a full mechanical geometry, to be tested
in full simulation,

lterative process !

Curved sensor, 3 steps identified :
» Step 1 : functional single curved Mimosis,
« Step 2 : "Super-Mimosis’,
« Step 3 : demonstrator of a full layer 1.

eg.

Detector response model [RERSEL-ERENY
+ digitisation

Detector Design Full simulation & Evaluate Detector
reconstruction of TR

physics benchmarks

modification

e.g.
= tracking resolution/efficiency
*  vertex finder

L.P. Resolution Evaluate Object

Retrain/adapt ID performances
algorithms

Caveat: More precise description means that WI:ih the new
any update is more difficult to do... etector

(ideal case: modular/scalable design) configuration
e.g.
* Flavor tagging with LCFI+

e.g.
*  geometry
*  Resolution

*  material budget Background overlay

e.g.
* Beamstrahlung

Feedback for R&D Evaluate final
Reassess requirements performances on

physics benchmarks
A.Besson

34



MIMOSIS

IN2P3

Physics parameter Reauirements . Des(ijgin of a new chip is a long process. To move forward, we are
e o — bendin testlng already existing sensors : MIMOSIS (CBM experiment @
R ——— Y FAIR), TPHC (PICSEL, C4PI platform).
Power consumption = 100 — 200 mW/fem?’
et * MIMOSIS : based on Alpide architecture.
Radiation tal* (ionizing) ~ 5 M PLE-II:I
Data flow |peak hit rate) @7 J:IED;,:,I[trE:;mzs} . . ) . . +
 Fulfil already a significant amount of specs : milestone toward e™e
Parameter Value COl I Id erS "
Technology Towerlazz 180 nm
Epi layer ~ 25 pm
Epi layer resistivity = 1kflem
et wemewagm— ° Functional versions Mimosis 1 or 2.1 are good candidates for bend sensor
Matrix size 1024 x 504 (516096 pix) testl ng
Matrix area = 4.2cm? -
Matrix readout time 5 ps (event driven)
Power consumption 40-7T0 mW /em?
MIMOSIS-2 (Q2/2023) Major issues
MIMOSIS-0 (2018) MIMOSIS-1 (2020) *  On-chip pixel grouping.
Demonstrate pixel concept. *  Full dimension sensor || *  Final pixels. MIMOSIS-2.1 (Q4 2023)
Demonstrate zero suppression. ||+  Add buffer structure. || *  SEEhardening2/2| = _ ., 5 -:.:orreu:ted
Demonstrate readout concept. ||*  SEE hardening 1/2 *  MIMOSIS-2.1 «  Delivered May 2024
Tested in beam in July-5eptember 2024

MIMOSIS-3
Final sensor for mass production

2024 October 9th A.Besson, Université de Strasbourg *  Submission in 2025 35




Curved sensors

» Working plan :
* Prepare and install sensor bending bench, with different radius options (12-15-
18mm), and different sensor thicknesses (30-50 microns).

* Practice bending with dummy sensors, then real functional single sensors (Mimosis),
perform connectivity and setup DAQ, and tests.

« Bending of a wafer slice (Mimosis), connectivity and tests,
« Move toward a larger scale demonstrator of the 15t Layer in a few years from now.

=
<
o
44
¢
N
=
19,75 mm

- I 6O m mjlg O W >

M.Goff

IN2P3
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Bending bench — clean room setup

1.

Fixed suction table,
e preparation of the sensor,

Mobile suction table,
* Linear displacement in XYZ,

Angular displacement in 6 — ¢,

*  Pickup the sensor on 1, and
precise positioning on the
cylinder

Bending of equipped silicon, motor
for mandrel rotation, camera for
alignment,

PC for camera display and other
measurements.

37



Sensor Bending

IN2P3

counterweight



After bending

* Several tests performed, mainly on non-operational silicon pads or chips.

IN2P3

e Half-cylinder 3D printed supports placed on mandrel 3D printed => large
flexibility for performing tests.

e Conclusion of the bending feasibility:
e Large size silicon pieces bended successfully,
* Bending at R=18 mm successful with 50-60 microns thickness,
* Noissues observed with 3D printed cylinder and support.

e Further plan:

 Tests bending at R=18, 15and 12
mm,

* With sensor thickness of 50, 40 and
30 microns (30 microns might not be
feasible with Mimosis),

*  Move to metallic mandrel for the
bending of final functional sensors.




Rolling leaf of glass  M.Krauth
Simplified model
Rotative cylinder of diam. 36 mm

Maintained with a force of 50 N
|+dI

S2 ~ E.dl/I

Idealized constrains :
=S1+S2 e
Glass :
1~F
> /3 E~70 GPa

Sigma MAX ~40a200MPa

Glass of thickness of 30um >>>
S1+52~130MPa

ANSYS simulation i

IN2P3

Glass thickness of 100 um >>> 500 MPa
Glass thickness of 50um >>> 200 MPa
Glass thickness of 30pum >>> 145 MPa

12741
11148
95,554
79.628
63,703
ar377
31851
15.926
3.4994e-11 Min

0,000 19, (mm) :
5,000

Mechanical characteristic of the sensor :
mechanical tests ? 40



Preliminary mechanical studies, and to do Chee

IN2P3

Longueur 240 mm, diametre 33 mm

. . : ; Impression 3D, polymere chargé carbone, renforcé en fibre continue (limite de faisabilité ???)
Step 1 : study the physics performance with M.Krauth

general geometry.

* Then several mechanical studies required
e CAD implementation,
e Simulation of mechanical and thermal

deformations,

* Thermal simulation for air cooling,
* Choice and mechanical tests of material,
e Study fabrication, mechanical assembly,
* Supports for services.

e Very first example of design.

e Studies to be started sept 2025 (arrival of an
apprentice engineer at IPHC).

41



Y Design of a flex cable and board for curved
' mimosis testing IN2P3

* Test board and flex for tests
e Design and fabrication done,
* First tests performed mid-May/beginning of
June,
* Flex and board validated!

e First tests to be performed on MIMOSIS vs curved-
MIMOSIS :
« A/D power consumption,
* Noise and s-curves,
Carte Msis_prox e Test with source and beam (CYRCé then DESY).

15 i E%Q] i E' Eégggggga Em * For the final detector, the flex
'll mgmmaacﬁn Eﬂﬁﬂéﬁ&) design is a key element.
* Should allow for a robust and

easy bonding,

e Should be well integrated
within the mechanics,

e Should be as small and as light
as possible. "




JS Pelle, G.Claus, M.Goffe CNrs
Test bench for Mimosis testing

PXIe crate with Flex-Rio
ca:id & 6587 Gigabit front- $3 Board 3
en

* Le slow control & DAQ
* NI PXle crate
« CPU + DAQ board FlexRio (FPGA)
* SW tourney under Windows 7 Pro
 DAQ : GUI executable (C++ Builder)
 SC:GUIPythonQ

DATA board transmission
links to Mimosis / DAQ, 8
links at 320 Mb/s.

S3 board (Slow control Steering Synchro)
provides slow control 12C and clock to Mimosis

Mimosis is mounted on a “Proximity board”

Proximity board with
Mimosis_1 sensor on support

Possibility to have a DAQ based on cheaper FPGA under study. Software being made more user friendly 43



Beam test and irradiation facility :
CYRCé@IPHC IN2P3

« Cyclotron : initially meant for irradiation
and production of radio nuclei.

« Beam characteristics :

» 25 MeV Protons (low energy, large energy
deposition),
+ Large intensities : allows for irradiation

« Low intensities : few fA (~6 - 103 protons
per second), allows for test beam

« Beam structure : bunches 85 MHz (~twice

the LHC), which can be reduced to 42.5
MHz (kicker).

« Irradiation facility (in bunker):

BT foracey | \ e * lIrradiation line installed and
" pulmpx_v ‘ . _ operational since July24,

profiler

steerer poles [ | S teerer . Su%celssful ilirq[diatioe R?E) %M1S !{T
 Test facility (in exp. area): E‘X%O%Sﬁgc';?c,%{pe( vi)to
* Operational since 2020, « Irradiation time of 1.5 hours.
* Well suited for rate studies
and efficiencies
measurements,

« Limited precision due to
multiple-scattering.




o

Outlook and next steps

IN2P3

« Single curved Mimosis well advanced.
Beam test schedule at DESY for the

end of 2025. » Three steps plan:

» Single Mimosis curved => gaining expertise, characterise the curved
sensor performance,

. But a lot remains to be done » Curved Mimosis ladder => first design of mechanics, and integration

_ plan,
* Chip R&D as part of DRD3, « Demonstrator of an entire curved Layer 1 => toward more final
« Tests and optimisation of the designs,

geometry with Full Simulation,
* Mechanical designs,
» Electronics and flex designs,

* In parallel, long term activities required on full-simulation, impact on
physics benchmark analysis.

+ Cooling!
. Etc Stc  Program made possible thanks to the C4PI platform !
Titre @ 2023 2024 2025 2026 2027 2028

T3] T4

T1 T2 | ™3 [ T4

T [ T2 [ T3 | T4

T | T

T3

T4

T [ T2

T3

T4

T | T2

» Step 1: single Mimosis
p» step 2: Mimosis ladder

» step 3: Demonstrator Layer
1

Step 1: single Mimosis

(

stap 2: Mimosis ladder [

step 3: Demongtrator Layer 1 [




Long road ahead...

IN2P3

« FCC-SEED is a new (and young) vertex concept for
FCCee:

* based on curved sensor and original design, thanks to chip
design and integration choices,

 plan to study coherently chip designs, mechanics, cooling
and integration,

* generic : can be ported/adapted to any detector concepts,
 collaboration to be extended abroad.

* While dedicated chip designs happens, use existing
chips (Mimosis) for mechanical and integration studies.

» So far, six in2p3 laboratories shown interests, the
activities are (slowly) ramping up.
« FCCee start targeted to ~2040,
« Specific R&D and construction usually takes ~10 years,

« =>we have ~5 years to make preliminary feasibility studies,
and have a more mature project.
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Task diagram

- Overall concept

- Drawings

Documenting
- bending
procedure

Production and
quality control
of 3D printed

plastic mandrel

Produce
mandrels with
| _radius of 12,15
and 18
(mechanical
tests)

Produce
mandrels with
| _radius of 11,14
and 17
(functionall
tests)

—  metrology

— Surface finish

|
Bendingona 3D
printed
cylinders

Mechanical
tests for
different

— diameter and
different
detector
thickness

Functional
Mimosis : tests
for different
— diameter and
different
detector
thickness

Production and
quality control
of metallic
mandrels

—  Production

—  metrology

— surface finish

Simulation of
silicone
mechanical
deformation

Design of hemi-
cylinder shell,
with opening for
tests with
particle, with
different radius
(12, 15, 18) and
1mm width

Fabrication and

—validation of the
supports

Cutnon
functional
Mimosis and
— different width,
for bending
testing : 30, 40
and 50 microns

Cut functional

| Mimosis with
width of 30, 40
and 50 microns

| I [
. Sensors .
]
[ |

Design of Flex

M Fabrication of

Flex

Flex gluing

sensor
installation and

gluing

wire bonding

Fan cooling

Bent sensor project part of GRAMM MP and DRD8

IN2P3

Design and
installation of
test setup

| Develop FPGA-
based DAQ

Cooling and
— temperature
monitoring

Deploy DAQ

—  systemin
different labs

|
|
|

Mimosis
Irradiation

Determine
fluence

Irradiate
| sensors

| Testirradiated
sensors

Test data taking

Determine test
to be done
without
particles

Take data
— without
particles

Determine tests
— to b done with
particles

| Take data with
particles

— Interpretation
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Architectural Options

1 readout logic / double-column

Pixel-grouping readout logic

1+1 readout logic / matrix (~MQSS)

| (inopeay ysey) sayqie Auoud paxy |

(~ALPIDE/MOSAIX)
DEDD;D LH, i 031,100 I 5 -
Qo glig- oo gic sL]¢
[ |10 CHE - ~ OO0 THE i g
: g i ; % i E H ; % ; g
oo oio - gl ok|o 'l
{0 OO - D0 OO =
OO o0 Ojoogs 2
T T T _ & <
| ﬁs‘!‘nchmnousr\ead:moffir\edmlumm ] * BPA: Asynchranous Priarity Arbiter |p — ] I }‘
riority encoder |acts as a smart selector]
Larger pitch Temporal resolution ? Power? smaller pitch
|
|
< Higher hit rate Lower hit rate

0O New FE: 2 thresholds / pixel

+ Charge sharing

° Not sure to achieve fine pitch

15
; IP!'_I,,E | 3 DRD3 Workshop - OCTOPUS Project | Fadoua Guezzi 01 June 2025

0  DPTS pitch: 15 um

O ToT measure

+/ More realistic and secure

a

X

Possible pitch down to 15 um (APTS)

Possible large dead area (large
digital column) + low hit rate +

no possible further

improvements 7




Super Alpide

IN2P3
ALPIDE chips Alperen Yuncu, link
T SRR L -
g

18 ALPIDE chips, covering about a half of an ITS3 half-Layer0

e Super-ALPIDEs are actually
an array of ALPIDES.

e They consist 9 x 2 ALPIDE
chips.



https://indico.cern.ch/event/1136676/contributions/4769219/attachments/2486223/4268980/HighRR_220727.pdf

Mimosis

F.Morel, link  IN2P3

MIMOSIS diagram
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Pole top mass M, in GeV

Top mass : target

JHEPOS 98 (2012)

180 e :_ ]07 e e ::". ,, T -.H)M' ‘
o /’//’f‘ .-+ Meta=$tability. .-
| s ’/’—-_\ \" & >

1030
ofir ™ et
l H —’ S[ablhly
e
115 ™ = N

Higgs mass M), in GeV

o

IN2P3

* Objectives of top mass
measurement :

 Test of the SM, yukawa couplings
and top mass,

« Confront pole mass to the “"MC”
mass (differences of a coupe f
hundreds MeV),

 Study of the stability of the vacuum,
differentiations between stable and
meta-stable universe.
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Beam background

INPD?2

‘5|1.u_? 35'-(1' B:G LI B N B N I B I B B B B B |FG|G-|BG| GlLD x xtﬂ_:-ﬂ L1 I I I I FCEG-G? GLID x Q[}il‘l {:I:_? L - ITE D1 S
& ¢ s F 1  Doogl - mu @ % T D2
-~ . — . = TED ] + MBL3 80F + TED3
e 0.05 e 0.3 o o e E <\‘E 0.08| oL “‘E E ITE D4
£ C = E . MEm . E . DIBLz E TO0F ITE Ds
— 0.04F — 0.25 s E ~ 007} | o o~ = ITE D&
2 2 F | e 1 2ooef £ 60F e 07
= C £ 0.2 © e = = E <= 5k OTE D1
0.03- C oTE D3 ] ﬂ.U‘EE— g . EE x
- 0.15F . ST - 0.04E = . omEDe

0.02F . . S E E

C oY = 0.03¢ 2 E

0.0 - "_-'fg, ] 0.02F 4 + ” = E

. 0.05F ., 3 2 : E

e, F ViR, ] 0.01F $++ ﬂt Hﬁﬂhﬂ - | =

0~—=5an’ e T TR Ba a1 n bipld 304 TbabtRM e E ' 3

1000 o e () "=3%00 0 1000 % 500 1000 1500 2000
Z (mm) Radius (mm)
(@ (b)

(a) (b)

Figure 17: Hit densities in the CLD tracking detector barrel layers (a) and discs (b) for particles origin-
ating from incoherent pairs, for operation at 365 GeV. Vertical error bars show the statistical
uncertainty, horizontal bars indicate the bin size. Safety factors for the simulation uncertain-
ties are not included.

Figure 18: As Figure 17 but for hits related to synchrotron radiation photons.

Breit-Wheeler
Y+ e +ef Vs (GeV) 91.2 365
Bethe-Heitler Total particles 800 6200
y4+et set 4o fet Total £ (GeV) 500 9250
Landau-Lifshitz Particles with pt > 5MeV and 6 > 8° 6 290

e+evetete +ef

Bremsstrahlung

ete—etetry -



FCCee 91.2 GaV

s 57 5
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Fig. 7.2. Rates of e from IPC in the (pr, ) plane, in the detector frame, for \/s = 91.2 GeV
(left) and 365 GeV (right). The black line in the upper-right corner delineates the CLD vertex
detector acceptance within a field of 27T.
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Figure 62: Global performance of beauty tagging (left) and charm tagging (right) for jets in di-jet events
at /5 = 500GeV with a mixture of polar angles between 20” and 90°. A comparison of per-
formance obtained with different single point resolutions in the vertex detector is presented.
On the y-axis, the misidentification probability and the ratio of misidentification probabilities
with respect to the nominal (3 pm) single point resolution are given.
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@ Machine-Detector Interface

IN2P3

Ce ntral Cham ber The central has the following characteristics:

AlBeMet 162 as main material
* Three layers from 0-90 mm from IP

» 0.35 mm of AIBeMet162
» 1 mm gap for Paraffin
» 0.35 mm of AIBeMet162

F.Fransesini link

3

156 mm

b T2 mm
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https://indico.cern.ch/event/1307378/contributions/5726744/attachments/2790608/4866466/FCC_Physics_Annecy_2024_Fransesini_31012023.pdf
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